To investigate the role of intracellular Ca2+ in the mechanism of cellular proliferation of vascular smooth muscle cells (VSMC), the effects of Ca2+-antagonists and calmodulin (CaM) inhibitors on DNA synthesis stimulated by serum-derived growth factors were studied in cultured VSMCs derived from rat aorta.
The pathogenesis of vascular changes due to atherosclerosis and/or hypertension remains obscure. The predominant findings underlying such vascular lesions are represented by the abnormal proliferation of vascular smooth muscle cells (VSMC) associated with increased synthesis of collagen and non-collagen protein (Ross et al., 1973 (Ross et al., , 1976 . However, the initiating factor(s) responsible for the abnormal proliferation of VSMCs is elusive. We have recently shown that epidermal growth factor (EGF) and platelet-derived growth factor (PDGF), both potent serum-derived growth factors, are capable of stimulating DNA synthesis by cultured VSMCs from rat aorta (Tomita TOMITA et al. Endocrinol. Japon. April1987 et al., 1986 .
On the other hand, Ca2+as well as calmodulin (CaM), an intracellular Ca2+-binding protein, play a pivotal role in a variety of cell functions, including cellular proliferation (Ralph, 1983; Veigl et al., 1984) . To elucidate the role of intracellular Ca2+in the mechanism of abnormal proliferation of VSMCs, we have investigated the effects of Ca2+-antagonists and CaM inhibitors on DNA synthesis stimulated by serum-derived growth factors in cultured VSMCs from rat aorta. 70% and79%, respectively ( Fig.2A) , while those of each drug on PDGF-stimulated DNA synthesis were49%, 60% and 68%, respectively (Fig.2B) .
In contrast, verapamil, diltiazem and nicardipine were less potent in inhibiting DNA synthesis stimulated by10% FBS than either EGF or PDGF, of which the inhibitory effects in the same molar concentrations (10-5M) were26%, 50% and57%, respectively (Fig.2C) .
Specific CaM inhibitors, W-7and TFP, TOMITA et al.
Endocrinol.
Japon. April1987 dose-dependently (10-6-10-4M) inhibited DNA synthesis stimulated by either EGF, PDGF or FBS, whereas W-5, a less specific CaM inhibitor, was minimally effective (Fig.  3) . The inhibitory effects on EGF-stimulated DNA synthesis by W-7and TFP in the same molar concentrations (10-5M) were 38% and58% (Fig.3A) , those on PDGFstimulated DNA synthesis were35% and 40% (Fig.3B) , and those on FBS-stimulated DNA synthesis were20% and38% (Fig.  3C) effective in inhibiting DNA synthesis at 10-4M (19-30%) (Fig.3A-C) .
Discussion
The present study clearly demonstrates that a variety of Ca2+-antagonists as well as CaM inhibitors significantly inhibited DNA synthesis of cultured VSMCs stimulated by either EGF, PDGF or FBS. Intracellular Ca2+is felt to play a key role during the transition from the G1to the S phase in the cell cycle (Ralph, 1983; Veigl et al., 1984) . Recently, growth factors, such as EGF, PDGF and FBS, have been shown to raise the cytoplasmic free Ca2+concentra-tion ([Ca2+] i) immediately in cultured fibroblasts (Moolenaar et al., 1984; Morris et al., 1984) .
Since Ca2+-antagonists act on voltage-dependent Ca2+-channel to inhibit the Ca2+influx, it is suggested that an increase in [Ca2+] i stimulated by serumderived growth factors is essential for stimulation of DNA synthesis in cultured VSMCs. However, the less inhibitory effects of Ca2+-antagonists on DNA synthesis stimulated by FBS compared to those by EGF and PDGF suggest that mechanism(s) other than EGF and PDGF-mediated Ca2+movement may be responsible for FBS-induced DNA synthesis by VSMCs.
On the other hand, it has been reported that intracellular concentrations of CaM increase during the transition from the G1to the S phase in the cell cycle of CHO-Kl cells in culture (Chafouleas et al., 1982) , suggesting the potential participation of CaM in DNA synthesis and cellular proliferation. The more potent inhibitory effects of W-7and TFP than W-5on DNA synthesis by EGF, PDGF or FBS, strongly suggest that CaM is also involved in the regulation of DNA synthesis by VSMCs. Taken together, it is suggested that the enhancement of Ca2+ influx through voltage-dependent Ca2+chan-nel triggered by serum-derived growth factors, activates CaM, which, in turn, leads to stimulation of DNA synthesis in VSMCs. Treatment of hypertension with Ca2+-antagonists not only reduces high blood pressure, but may also inhibit hypertensioninduced proliferation of VSMCs, thus implicating the clinical usefulness of Ca2+-antagonists in preventing the development of hypertensive vascular lesions.
It has recently been proposed that Ca2+-activated, phospholipid-dependent protein kinase (C-kinase) also plays a crucial role in the mechanism of cellular proliferation by growth factors (Nishizuka, 1984; Berridge, 1984) . We have also shown that tetradecanoyl phorbol acetate (TPA), a potent tumor promotor and activator for C-kinase, stimulates DNA synthesis in cultured rat VSMCs (unpublished observation). Therefore, the involvement of a C-kinase system in the regulation of cellular proliferation of VSMCs also needs to be studied.
In conclusion, a Ca2+-CaM system seems to play a key role in the regulation of cellular proliferation of VSMCs by serumderived growth factors.
